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FOREWARD 
This report is a summary of the activities of the Power Affiliates 
Program in the Department of Electrical Engineering at the University of 
Illinois for the calendar year 1979. The information is intended to be 
a progress report to the affiliate companies which have provided financial 
support during that time. These companies are: 
Central Illinois Light Company 
Central Illinois Public Service Company 
Illinois Power Company 
Iowa-Illinois Gas and Electric Company 
Public Service Indiana 
Sargent & Lundy 
Wisconsin Power and Light 
This report was prepared by the Power Affiliates Program Committee 
for presentation at the first annual review. The committee members are: 
P. w. Sauer, Chairman 
M. s. Helm 
R. D. Shultz 
R. A. Smith 
M. E. Van Valkenburg 
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1. INTRODUCTION 
The electric power and energy systems area at the University of 
Illinois has a long and well-established history. Prior to World War II, 
Electric Power was the principal emphasis of the Electrical Engineering 
curriculum. In the mid 1960's, the national interest in the manned space 
program caused most universities to curtail or abandon their electric 
power programs as student and faculty interests turned to the newer areas. 
The University of Illinois was able to continue the production of quality 
graduates in the power area during these years. As power systems became 
larger and more complex, the need for advanced education and research 
became apparent in the blackouts of 1965 and 1977. Most recently, the 
problems and controversies surrounding the national energy situation 
have aggravated the already acute need for advanced education and 
research. 
In 1978, the Department of Electrical Engineering embarked on a 
program to expand electric power graduate education and research while 
maintaining the ex~ellence of the undergraduate program in this area. 
The program is described in reference [1]. The Power Affiliates Program 
was proposed with the following major objectives: · 
a) Provide financial assistance to students studying electric 
power engineering, primarily at the M.S.E.E. level. 
b) Increase university - industrial interaction at all levels 
of education and research in electric power engineering. 
This repo~t is a summary of the first year activities directly 
related to the Power Affiliates Program as well as those indirectly 
related but perhaps stimulated by the existence of such a program. 
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2. FINANCIAL STATEMENT 
The following tabulation of income and expenditures for the calendar 
year 1979 was prepared from the detailed statement of reference [2]. 
Income carried over from calendar .year 1978 $ 3,000.00 
Total income during calendar year 1979 $22,000.00 
Total available income during calendar year 1979 $25,000.00 
Expenditure 
Item 
Graduate 
Assistantships 
Undergraduate hourly 
Assistants 
Class trips, travel 
and conference fees 
Communications and 
clerical 
Indirect cost to 
University 
Total expenditure: 
Obligated Amounts 
Graduate Research 
Assistantships 
Indirect cost to 
University 
Total Obligated: 
Expenditure 
Amount 
$9,697.00 
$ 348.00 
$ 779.00 
$ 131.00 
$1,855.00 
$12,810.00 
$ 5,759.00 
$ 1,152.00 
$ 6,911.00 
Percentage of 
Total Expenditures 
76 
3 
6 
1 
14 
100 
3 
Summary 
Amount Available during calendar year 1979 
Amount expended during calendar year 1979 
Indirect cost returned to program during calendar year 1979 
Amount carried over to calendar year 1980 
Amount obligated for calendar year 1980 
Balance of unobligated income (as of December 31, 1979) 
$+25,000.00 
$-12,810.00 
$+ 81.00 
$+12,271.00 
$- 6,911.00 
$+ 5,360.00 
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3. FACULTY AND INTERESTS 
The Power Affiliates Program Committee is comprised of three assistant 
Professors (P. W. Sauer, R. D. Shultz, and R. A. Smith) and two senior 
advisors (Professors M. S. Helm and M. E. VanValkenburg). A brief summary 
of their background and interests is presented in this section. A detailed 
summary of the faculty research efforts is given in reference [3]. 
M. STANLEY HELM was born in Decatur, Illinois on October 28, 1911. He 
received the B.S.E.E. in 1933, the M.S.E.E. in 1934, and the Professional 
E.E. degree in 1950, all from the University of Illinois. 
From September 1934 to January 1937, he was an illumination engineer 
with the Illinois Power and Light Corporation (now Illinois Power Company) 
in Decatur. He was an Assistant Professor of Electrical Engineering at the 
Clemson Agricultural and Mechanical College, Clemson, South Carolina, 
January 1937 to August 1937. From September 1937 to September 1938, he 
served as an electr1cal engineer with the Mid-State Electric Supply 
Company in Decatur, Illinois. 
In September 1938, Stan Helm joined the faculty of the Electrical 
Engineering Department of the University of Illinois with the rank of 
Instructor. He moved up through the ranks and became a full Professor 
in 1951. Professor Helm recently taught EE 260 (Network Theory), EE 336 
(Transformers and Synchronous Machines), EE 376 (Symmetrical Component 
Analysis of Power Systems), and EE 272 (Elements of Transient and Steady-
State Power System Stability). 
Professor Helm's interests are in problems involving the analysis 
of power systems. 
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PETER W. SAUER was born in Winona, Minnesota on September 20, 1946. He 
received the B.S.E.E. degree from the University of Missouri at Rolla and 
the M.S.E.E. degree and Ph.D. degree from Purdue in 1969, 1974 and 1977, 
respectively. He spent the period from 1969-1973 serving in the U.S. Air 
Force in the design and construction of air field lighting and electric 
distribution systems. He came to the University of Illinois in August 1977 
and is currently an Assistant Professor of Electrical Engineering. 
Prof. Sauer has recently Taught EE 335 (Electric Machines Laboratory), 
EE 332 (Induction Mqtors and D.C. Machines) and EE 497PS (Computer Methods 
in Power System Analysis). His interests are in digital simulation of 
power systems, machines, stochastic methods and large system studies. 
RICHARD D. SHULTZ was born in Cincinnati, Ohio on July 7, 1951. He received 
the B.S.E.E. from the University of Illinois in 1973. He took a job with 
Illinois Power Company and worked in their engineering and planning sections. 
He received the M.S.E.E. from the University of Illinois in 1976 and Ph.D. 
from Iowa State University in 1978. Professor Shultz returned to the 
University of Illinois in August, 1978 as an Assistant Professor of 
Electrical Engineering. Professor Shultz has taught EE 332 (Induction 
Motors and DC Machines), EE 378 (Steady-State Power Systems), EE 497RS 
(Dynamic Machine Modeling·and Stability). His interests are in simulation 
of power systems, planning methodology for power systems, DC transmission, 
and harmonic propagation on power systems. 
RICHARD A. SMITH was born on January 16, 1951 in Urbana, Illinois. He 
received his· elementary education at various schools in Illinois and 
started his college education at the University of Missouri-Rolla in 
September, 1969. He received a B.S. (summa cum laude), M.S., and Ph.D. 
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degrees in electrical engineering from the University in 1973, 1974, and 
1976, respectively. While he was in school, he worked as a summer 
engineering technician for Central Illinois Public Service Company 
and American Electric Power Service Corporation. 
After graduation in 1976, Dr. Smith was employed as an assistant 
professor in the Quantitative and Information Science Department at 
Western Illinois University. He taught course work in operations 
research and computer programming. In 1978, he was employed as a 
planning engineer for Illinois Power Company. He worked in the 
generation planning section on projects involving comparative analysis 
of generation expansion plans. Dr. Smith is currently employed as an 
Assistant Professor in the Electrical Engineering Department at the 
University of Illinois, Urpana. He teaches introductory courses in 
electric machines and power systems analysis. His research interests 
include real-time operation of power systems and power system reliability. 
M. E. VANVALKENBURG was born in Union, Utah in 1921. He received the B.S., 
M.S., and Ph.D. degrees in Electrical Engineering from the University of 
Utah, the Massachusetts Institute of Technology, and Stanford University, 
respectively. In his junior year, he became a teaching assistant and soon 
developed a deep love for teaching. Upon graduation, he became a Staff 
Member at the Radiation Laboratory at M.I.T. and did research in radar and 
antennas, both at MIT and at military bases. During his master's degree 
program, he was a research assistant at MIT's Research Laboratory of 
Electronics. 
His first academic appointment followed, in 1946, at the University 
of Utah where he served for nine years - except for two year's leave to 
7 
study and teach at Stanford University. He has held visiting appointments at 
Stanford University, University of Colorado, University of California at Berkeley, 
the Indian Institute of Technology at Kanpur, and most recently at the 
University of Hawaii. He served as Chairman of the Department of Princeton 
University for six years. 
Except for these activities, he has been at the University of Illinois 
since 1955 where his teaching and research interests have been in circuit 
theory and related topics. He has supervised the doctoral research of 
43 students. The most enduring of his five textbooks is "Network Analysis" 
which is being prepared for its fourth edition. 
Services to IEEE have included terms as Vice President for Publication 
Activities in 1970 and 1971, Editor of the Proceedings of the IEEE, and 
Editor of the IEEE Transactions on Circuit Theory. Presently, he is 
Vice-Chairman of the IEEE Awards Board. He has been a Fellow since 1962. 
He received the ASEE Lamme Award in 1978, the Education Medal of IEEE 
in 1972, the ASEE George Westinghouse Award in 1963, and the Halliburton 
Engineering Education Leadership Award in 1979. Since 1973, he has been a 
member of the.National Academy of Engineering and was Chairman of the NAE 
Board on Engineering Manpower and Educational Policy from 1974 to 1976. 
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OTHER FACULTY 
The following faculty members have been active in education and 
research in the general area of Power and Energy Systems, but are not 
currently active in the Power Affiliates Program. 
R. W. Burtness (Solid state drive systems) 
J. M. Crowley (Electric and magnetic effects in fluids, feedback 
control of continuum systems) 
I. N. Hajj (Numerical methods in large scale circuit analysis) 
D. F. Hang (Engineering economy, nuclear engineering, power generation) 
P. V. Kokotovic (Optimization, optimal control of large scale 
integrated systems) 
D. J. Leverenz (Solar energy, energy conversion) 
R. J. Turnbull (Fusion power, energy conversion) 
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4. STUDENTS AND PROJECTS 
This section of the report contains the listing of students whose 
major research efforts were supervised by members of the Power Affiliates 
Program Committee during the calender year 1979. While not all of these 
students received financial aid from the Power Affiliates Program in terms 
of Research Assistantships, they were all influenced by the program through 
the active involvement of their respective advisors. Those students supported 
by the Power Affiliates Program received maximum 1/2 time Research 
Assistantships for 11 months. In most cases, the results of their work 
will be made available to all affiliate companies in the form of technical 
reports. The following students were associated with the Power Affiliates 
Program, and their work is described in the following pages: 
Ahmed-Zaid, S. 
Alunkal, I. M. 
Balazs, R. M. 
Brunhart, A. D. 
Chang, D. F. 
French, D. J. 
Harris, D. 
Holmgren, R. L. 
Hoveida, B. 
Jamshidian, F. 
Kay, T. W. 
Krein, P. T. 
Schwartz, E. W. 
Stiegemeier, C. L. 
Torfin, R. L. 
Welte, G. 
Name: Said Ahmed-Zaid 
Date of Birth: May 6, 1956 
Place of Birth: Algiers, Algeria 
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Received B.S.: May 1979 (University of Illinois) 
Started M.S.: June 1979 
Advisor: P. W. Sauer 
Support: Partial U of I Electrical Engineering Department T.A. 
Research Title: "Optimal System Loadability" 
Status: Continuing 
ABSTRACT 
The objective of this research is to formulate a method for determining 
the maximum load which a large power system can deliver within the constraints 
of specified line the~al ratings, bus voltage levels, system stability margins, 
spinning reserve requirements, and tempered with economic dispatch consider-
ations. The work is an extension of published results by Commonwealth Edison 
on maximum simultaneous interchange and by General Electric Company on maximum 
loadability. Initial work has utilized a linear load flow technique with 
linear inequality constraints for solution by linear programming. While the 
linear methods appear to work well for some systems, the nonlinearities can 
introduce significant error when the system is near maximum power transfer. 
Several nonlinear programming techniques have recently been developed by 
researchers at Cornell and Cambridge. These techniques will be applied to 
the optimal system loadability problem and compared with linear solutions. 
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Name: Isaac M. Alunkul 
Date of Birth: June 2, 1954 
Place of Birth: Kerala, India 
Receiv.ed B.S.: October 1977 (Indian Institute of Science) 
Started M.S.: January 1979 
Advisor: P. W. Sauer 
Support: Independent 
Research Title: "Load Flow Methods Near Maximum Power Transfer" 
Status: Finished M.S. requirements December 1979, currently employed 
at Westinghouse, Pittsburgh, PA. 
ABSTRACT 
In power system planning and operation, load flow studies must be 
made on many hypothetical problems. For example, long range planning 
requires the analysis of alternate system expansion configurations and 
forecasted loads. Similarily, secure operation of power systems requires 
contingency evaluation in the form of line outages, loss of generation etc. 
The full nonlinear A.C. load flow as well as fast linear load flows are 
the main tools for this analysis. The successful determination of solutions 
to these load flow problems depends on a set of unknown maximum power transfer 
conditions. The purpose of this work is to investigate the load flow behavior 
near these conditions. In particular, when a load flow solution begins 
diverging, certain actions can be taken to force .the algorithm to a mathematical 
solution of a modified problem. The results of this research are presented 
in reference [4], and can be used to generate multiple load flow solutions 
and estimate maximum steady state stable loadability. In related work, the 
analysis of linear load flow failure (linear prediction beyond maximum system 
power transfer) is presented in reference [10]. 
Name: 
Date of Birth: 
R. M. Balazs 
November 15, 1952 
Place of Birth: USA 
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Received B.S.: 1974 (University of Illinois) 
Started M.S.: 1978 
Advisor: R. D. Shultz 
Support: University of Illinois TA, Power Affiliates Program - Summer 1979 
Research Title: "Oscillatory Torques on Generators Due to HVDC Converters" 
Status: Received M.S., August 1979. 
ABSTRACT 
As a result of unfavorable operating characteristics of AC transmission 
over long distances, for bulk power transfer, and various applications, the 
integration of HVDC into the AC power grid has become more common. While 
HVDC has many characteristics which are advantageous, there are problems 
with its use which must be dealt with. One of these problems is the injection 
of harmonic currents into the AC system at the converters and their effect on 
synchronous generators. 
Harmonic currents entering the stator of a generator not only create 
additional heating in the machine, but also result in electrical torques 
of two kinds on the rotor. An inductive torque will result from the inter-
action between the stator and rotor damping windings. A second torque will 
also result from the interaction between the stator and main field winding. 
These torques of electrical origin will cause mechanical torques on the 
mass-spring system of the turbine-generator-exciter combination. This 
work describes both types of electrical torque due to harmonic currents, 
develops a model for determining the second type of electrical torque, and 
investigates the effect of these torques [5], [12]. 
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Name: Andrew David Brunhart 
Date of Birth: November 12, 1951 
Place of Birth: Milwaukee, Wisconsin 
Received B.S.: May 1974 (Marquette University) 
Started M.S.: August 1979 
Advisor: R. D. Shultz 
Support: U. S. Navy 
Research Title: "Determination of Loss Factor for Various Sub-Systems for 
Loss Allocation Methodology" 
Status: Continuing 
ABSTRACT 
Past practice of system loss allocation is discussed with emphasis 
placed upon the currently utilized method for determining loss factor 
respective to system components. The proportionality of loss to load at 
both the transmission and primary/secondary level is investigated resulting 
in questionable validity of the standard equation relating loss factor to 
load. A scaling, linear regression method for determining loss factor at 
the primary/secondary level from the total system load duration curve and 
known system quantities is introduced in detail. Representative system 
load . flows are calculated and discussed in an effort to validate the newly 
introduced loss factor calculation method. 
Name: David F. Chang 
Date of Birth: February 12, 1957 
Place of Birth: Cleveland, Ohio 
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Received B.S.: May 1978 (Case Western Reserve) 
Started M.S.: 
Support: 
Advisor: 
January 1979 
Power Affiliates Program 
P. W. Sauer 
Research Title: "Voltage and Line Power Statistical Correlation" 
Status: Continuing 
ABSTRACT 
The complete analysis of power system performance under all possible 
levels of load is a formidable task. This is due to the infinite number of 
individual bus load demands which vary continuously with time-. In order to 
operate and plan systems effectively, a substantial number of key conditions 
or forecasted values are often studied. The stochastic load flow was 
introduced some time ago to facilitate the analysis of many possible load 
levels with one stochastic load flow solution. The essence of the method 
is to consider each bus load a random variable with some specified 
statistical distribution. After a base case deterministic load flow 
which represents the expected or mean v~lue of voltages and line power 
flows, variance and covariance statistics are computed through linear 
transformation of the random load variation. One major obstacle in this 
method is the tremendous amount of computer storage and execution 
time required. In this research, a method to reduce these quantities 
is being sought. The current approach is to eliminate variables which 
may be statistically correlated and thus linearly related. The end result 
would be a "statistical equivalent", suitable for rapid stochastic load flow 
studies. 
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Name: Daniel J. French 
Date of Birth: August 25, 1957 
Place of Birth: Evergreen Park, Illinois 
Received B.S.: December 1979 (Illinois Institute of Technology) 
Started M.S.: January 1980 
Advisor: P. W. Sauer 
Support: University of Illinois TA and Power Affiliates Program 
Research Title: "Power Factor Controllers" 
Status: Just beginning 
ABSTRACT 
This research is concerned with the affects of relatively new power 
factor controllers on induction motor operation and life. The fairly recent 
NASA design to reduce the energy consumption of induction motors requires 
current interruption for a significant portion of each current cycle. These 
devices have been shown by Auburn University and NASA to save considerable 
amounts of energy, and are currently being marketed. Very little research 
has been done to determine the extent and magnitude of adverse affects 
these devices may have on the induction motor itself and the system to which 
they are connected. The exact thrust of this research has not yet been 
formulated as information is being gathered. As a minimum, the work will 
likely include the investigation of pulsating torques on otherwised balanced 
machines, high frequency harmonics, and optimal switching times. In addition, 
design modifications will be considered for improving the controller 
performance. There will be at least two students working on this project 
as well as possible joint cooperation with Auburn University and NASA. 
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Name: Donald Harris 
Date of Birth: December 14, 1956 
Place of Birth: USA 
Received B.S.: Expected May 1980 
Started M.S. : 
Advisor: P. W. Sauer 
Support: Hourly Power Affiliates Program (Summer 1979) 
Project Title: "Develop Relay Experiments for Machinery Laboratory 
Course EE 335" 
Status: Project complete 
ABSTRACT 
This project consisted of the design, preparation, set-up and 
documentation of an overcurrent relay experiment for the Electric Machinery 
Laboratory. A type CO Westinghouse relay was set up with timer and source/ 
load equipment. The objective of the experiment was to observe and determine 
minimum pick-up current and create the time to trip versus multiple tap 
current curves. The procedure was similar to that used in actual relay 
maintenance and calibration laboratories. The experiment equipment is 
maintained in the machinery laboratory, and a 10 page experiment including 
background, procedure and report requirements was prepared. The experiment 
is currently used in the EE 335 course, offering additional exposure to 
power equipment. 
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Name: Robert L. Holmgren 
Date of Birth: April 29, 1957 
Place of Birth: Oak Park, IL 
Received B.S.: May 1979 (University of Illinois) 
Started M.S.: June 1979 
Advisor: R. D. Shultz 
Support: Power Affiliates Program, University of Illinois Fellowship 
Research Title: "Blackstart Utilization of Remote Combustion Turbines" 
Status: Continuing 
ABSTRACT 
With the increasing complexity of power systems and the growing dependency 
of long distance power transmission, large scale outages of power systems are 
becoming increasingly probable. As a result, in the event of a massive, multi-
company blackout where sufficient external ties with other power systems are 
lost, knowledge of blackstart capabilities is essential. 
Blackstarting a power system can be performed with the use of remote 
combustion ·turbines. These combustion turbines would be used to power the 
large induction and other auxiliary equipment at a power plant needed to run 
steam turbines. Several factors make this stability problem unique. The 
inertial mass of the combustion turbine may be comparable in size or even 
smaller than the induction motor load it is supplying. This causes major 
swinging of the generator rotor. Voltage and frequency fluctuations of motors 
already on line cause electrical -and mechanical transients which could have 
considerable effects on the rest of the system. 
The topics of this paper will include testing of existing transient 
induction motor models used in stability studies and their adaptability to 
black start studies as well as a useful model for the combustion turbine 
and its adaptability to black start studies. 
' 
Name: Bahman Hoveida 
Date of Birth: February 8, 1956 
Place of Birth: Isfahan, Iran 
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Received B.S.: April 1969 (Western Michigan University) 
Started M.S. : 
Advisor: 
Support: 
June 1979 
P. W. Sauer 
National Science Foundation 
Research Title: "Constrained Stochastic Power Flow Analysis" 
Status: Continuing 
ABSTRACT 
In stochastic load flow studies, a linear load flow is normally employed. 
This is necessary since the determination of voltage and line power flow 
statistics cannot be made through the nonlinear load flow equations. Since 
the affects of var limits and tap limits can only be considered to be in one 
state in a linear load flow, their discrete change can cause significant error 
in linear approximations. In this work, the statistics of bus voltage and 
line power flow are computed for systems with var or tap limits. Multiple 
linear transformations are employed, with var and tap limits providing the 
discrete point at which each transformation is utilized. The method has been 
applied to two equivalent systems, and initial results indicate that the 
method does predict the voltage and line power flow variances correctly. 
In addition, the method also correctly predicts the true mean values. 
Further information on this work may be found in references [8, 9 and 11]. 
Name: Farhad Jamshidian 
Date of Birth: February 10, 1957 
Place of Birth: Tehran, Iran 
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Received B.S.: August 1978 (University of Illinois) 
Started M.S.: August 1979 
Support: University of Illinois TA 
Advisor: P. W. Sauer 
Research Title: "Rapid Voltage Prediction in Contingency Analysis" 
Status: Continuing 
ABSTRACT 
Contingency analysis is the evaluation of power system performance 
under loss of lines, generation, or other "normal" system function. Linear 
methods have been used to predict real power line flow changes as a result 
of these contingencies in rapid superposition programs. The methods have 
traditionally had many drawbacks including the failure to predict voltage 
levels accurately. Initial formulation of power distribution factors for 
the linear analysis yielded insight into the ability to accurately predict 
nonlinear results. In this work, real power flow is computed using linear 
load flow methods with distribution factors, and reactive power 
flow is computed by estimating the change in current. When the change 
in real and reactive power is known in each line, the post contingency 
voltage magnitudes can also be computed rapidly. The methods are being 
tested on two equivalent systems. 
Name: Thomas W. Kay 
Date of Birth: September 4, 1957 
Place of Birth: Elmhurst, Illinois 
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Received B.S.: May 1979 (University of Illinois) 
Started M.S.: August 1979 
Advisor: P. W. Sauer 
Support: Power Affiliates Program 
Research Title: "Maximum Loadability of Lines With and Without Voltage 
or Var Control" 
Status: Continuing 
ABSTRACT 
The determination of maximum system loadability has traditionally been 
confined to generation availability, single line limits,. and voltage limits. 
The St. Clair curves have been used for many years to provide maximum line 
loadability figures as a function of line length. The limiting segments 
are divided into thermal, voltage and stability limits. The traditional use 
of stability margins based on 90° angular displacement across a system are 
investigated in this research. Initial results indicate that systems can 
reach maximum loadability with all angle differences less than 45 degrees. 
Furthermore, results have shown cases where power systems are within the 
maximum loadability region, and some angle differences are greater than 
100 degrees. As a prelude to full system loadability analysis, these 
factors are being analyzed for single line loadability, and compared to 
St. Clair curve predictions. 
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Name: Philip T. Krein 
Date of Birth: April 22, 1956 
Place of Birth: Orange, California 
Received B.S.: June 1978 (Lafayette College) (Also A.B.) 
Started M.S.: September 1978 
Advisor: J. M. Crowley 
Support: Electric Power Research Institute 
Research Title: "Analysis and Operation of an Electrohydrodynamic Pump 
Using a Single-Phase Voltage Supply" 
Status: Received M.S. August 1979, currently TA for EE 335 and 
beginning Ph.D. program 
ABSTRACT 
The use of forced convention in oil-filled pipe-type underground power 
transmission systems can eliminate hot spots and increase system capacity. 
Performing this function with mechanical pumps requires closely-spaced 
pumping stations with the associated construction and maintenance costs. An 
electrohydrodynamic (EHD) pump which uses a travelling electric field all 
along the system length to move the insulating oil can circumvent the need 
for mechanical pumps and make forced convection more cost effective. 
A detailed theory is derived for a rectangular-geometry EHD pump using an 
aribtrary moving fluid and electrical excitation. A simple circuit model is 
used to demonstrate the optimum technique for application of single-phase 
excitation to power such as an EHD pump. Theoretical results indicate the 
potential for developing a useful EHD pump using only single-phase excitation. 
Designs are presented for required instrumentation such as a low-frequency 
high-voltage power supply, an isolated high-voltage microammeter, and a high-
voltage high-impedance voltmeter. Experiments conducted using these instruments 
and a small EHD pump showed substantial improvement over an earlier single-phase 
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EHD pump, but the maximum speed of about forty millimeters per second 
(excitation frequency on the order of 1.3 Hz) must be increased substantially 
before the pump is truly practical. 
This work was supported by the Electric Power Research Institute under 
contract RP7871-l. Details of this research are available in reference [14]. 
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Name: Edward W. Schwartz, Jr. 
Date of Birth: November 28, 1957 
Place of Birth: Springfield, Illinois 
Received B.S. May 1979 (University of Illinois) 
Started M.S.: August 1980 
Advisor: R. A. Smith 
Support: Independent 
Research Title: "Modeling of Automatic Generation Control Functions" 
Status: Continuing 
ABSTRACT 
The purpose of this research is to simulate Automatic Generation Control 
(AGC) functions. AGC involves allocating the total required power output 
for a system to all generators in that system. Implementation of the AGC 
simulation will be by computer program and will involve: 
1) Modelling the central AGC algorithms 
2) Creating a computer representation of a boiler turbine generator 
3) Creating a load model and a load flow. 
The AGC simulator will have the capability of calculating individual tie 
line flows, and thus be useful for modeling data acquisition system functions. 
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Name: Craig L. Stiegemeier 
Date of Birth: July 4, 1957 
Place of Birth: Litchfield, IL (Hometown: Staunton, IL) 
Received B.S.: May 1979 (University of Illinois) 
Started M.S.: August 1979 
Advisor: P. W. Sauer 
Support: Westinghouse Electric Corporation, Muncie, Indiana 
Research Title: "Volt-Time Relationships in High Voltage Transformer 
Insulation Structure." 
Status: Continuing 
ABSTRACT 
Knowledge of complex insulation structures and how they withstand 
different types of system overvoltages is not available today. In particular, 
information concerning the relative effects of different types of system 
overvoltages on paper-oil-pressboard insulation structures is needed. In 
order to design more reliable equipment, the detremental effects of the 
different overvoltages must be related to each other. Among the many types 
of system overvoltages encountered on high voltage power systems are: 
lightning surges, switching surges and power frequency (60 Hz) overvoltages. 
Much of the published data on voltage versus the duration of the overvoltage 
(volt-time) relationships is b'ased on system overvoltages being subjected 
to simple electrode configurations. Since modern transformer insulation 
structures are considerably more complex than two electrodes immersed in 
oil, there is a need to obtain improved data using electrode configurations 
which involve complex electrostatic fields which exist in practical insulation 
structures. In this research, many samples of these complex structures will 
be subjected to standard over voltages and analyzed for trends in breakdown 
characteristics. The testing is being conducted at the Muncie HV lab. 
Name: Randel L. Torfin 
Date of Birth: August 30, 1955 
Place of Birth: Starbuck, Minnesota 
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Received B.S.: June 1978 (U.S. Merchant Marine Academy) 
Started M.S.: January 1980 
Advisor: P. W. Sauer 
Support: Univeristy of Illinois TA and Power Affiliates Program 
Research Title: "Power Factor Controllers" 
Status: Just beginning 
ABSTRACT 
This research is concerned with the affects of relatively new power 
factor controllers on induction motor operation and life. The fairly recent 
NASA design to reduce the energy consumption of induction motors requires 
current interruption for a significant portion of each current cycle. These 
devices have been shown by Auburn University and NASA to save considerable 
amounts of energy, and are currently being marketed. Very little research 
has been done to determine the extent and magnitude of adverse affects 
these devices may have on the induction motor itself and the system to which 
they are connected. The exact thrust of this research has not yet been 
formulated as information is being gathered. As a minimum, the work will 
likely include the investigation of pulsating torques on otherwised balanced 
machines, high frequency harmonics, and optimal switching times. In addition, 
design modifications will be considered for improving the controller 
performance. There will be at least two students working on this project 
as well as possible joint cooperation with Auburn University and NASA. 
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Name: Gregory Welte 
Date of Birth: November 30, 1948 
Place of Birth: Chicago, IL 
Received B.A.: 1970 
Started M.S.: August 1979 
Advisor: R. D. Shultz 
Support: Independent 
Research Title: "Scheduling of Planned Outages by Computer solutions which 
Levelize Risk" 
Status: Continuing 
ABSTRACT 
Planned equipment maintenance in power generating systems is sought 
to be performed during periods when consumer demand is less than maximal. 
The scheduling of planned outages, in general, seeks to arrange them so 
that the risk of unplanned outages in machines remaining in service follows 
a defined constraint. 
This study examines a particular computer method of scheduling these 
planned outages. In brief, it computes a probabilistic quantity for each 
machine, namely, an "effective capacity" having units of megawatts. The 
scheduling algorithm arranges the planned outages so that the sum of 
consumer demand and the effective capacity of all planned outages at any 
given time is as close as possible to the sum of the same quantities at 
all other times. That is, the sum is "levelized." Of course, the resulting 
schedule will be modified by alterations in the effective capacities, the 
lengths of the maintenance periods, and the time pattern of consumer demand. 
This study intends to examine the relative significance of each input and to 
determine the effect of each on the long-term scheduling process. 
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5. COURSES AND ENROLLMENT 
As of 1979, all entering electrical engineering students are required 
to complete 128 hours of course work for a B.S.E.E. degree. A detailed 
description of the undergraduate program as well as a suggested curriculum 
in power is given in reference [6]. All M.S.E.E. students are required 
to complete a minimum of 6 units (approximately 18-24 credit hours) and 
complete a graduate thesis. A detailed description of the graduate 
program is given in reference [7]. As one of eight major areas in 
Electrical Engineering, the Power and Energy Systems Area is responsible 
for a considerable number of courses. The following power option courses 
were taught by members of the Power Affiliates Program Committee during 
1979. The total annual enrollment is also given for each course. 
EE 330 Electromechanics 
EE 330 is an introductory course in electromechanics, presenting 
both the electric and magnetic quasi-static fields for analysis of 
energy conversion devices. Th~ origin of forces and torques together 
with the full mechanical dynamics of Newton's second law (NSL) are 
discussed. The concept of flux linkage, energy, coenergy and the 
resulting induced voltages are presented for their inclusion in Kirchoff's 
Voltage Law (KVL). Conservation of power and energy are emphasized in 
energy balance analysis. An introduction to rotating machines is generally 
included as illustrative examples. Particular emphasis is given to the 
interaction between the electrical system (KVL) and the mechanical system 
(NSL). The required text is "Electromechanical Dynamics", Part I by 
H. H. Woodson and J. R. Melcher. This course is not required, but is in 
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a list of 3 advanced EE courses of which one must be taken. The other two 
are probability and solid state devices. The total enrollment for calendar 
year 1979 was 123. 
EE 332 Electrical Machinery - D.C. and Induction 
EE 332 is a comprehensive course in the theory and practical character-
istics of D.C. and Induction machines. Currently, EE 330 is not a prerequisite 
for this course, and thus the course includes a treatment of quasi-static 
magnetic fields, energy, coenergy, torque, flux linkage, and general 
rotating machine theory. In addition, the course provides detailed analysis 
of induction motor torque speed characteristics, equivalent circuit and 
engineering considerations. The concept of MMF is introduced for single, 
two and three phase machines. Fractional horsepower machines are introduced 
and related to integral horsepower machine characteristics. D.C. machines 
are analyzed both analytically and practically. Commutation is presented as 
well as the purpose and function of interpole and compensating windings. 
Torque-speed characteristics are presented as well as equivalent circuits 
for shunt and compound machines both in motor and generator modes. The 
required text is "Electric Machinery", by Fitzgerald, Kingsley and Kuske, 
plus supplemental notes. This course is a power option advanced EE elective. 
The total enrollment for calendar year 1979 was 57. 
EE 335 Electric Mach~nery Laboratory 
EE 335 is a laboratory and one hour lecture course in rotating 
machinery, transformers, and power system topics. The fifteen experiments 
typically include power measurement, power factor correction, transformer 
characteristics, three phase transformer connections, induction motor tests, 
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induction motor torque-speed characteristics, D.C. machine tests, D.C. machine 
torque speed characteristics, synchronous machine tests, synchronous machine 
power characteristics, digital simulation of machine dynamics, over current 
protective relay operation, and a written plus oral project presentation 
on power system topics. There is no required text although each experiment 
is supplemented with a 5-10 page set of notes written by P. W. Sauer. This 
course is a laboratory elective in a list of 14 from which students select 2. 
The total enrollment for the calendar year 1979 was 39. 
EE 336 Transformers and Synchronous Machines 
EE 336 is a comprehensive course in the theory and practical character-
istics of transformers and synchronous machines. Topics included are, review 
of transformer fundamentals, per unit quantities, transformer connections, 
equivalent circuits of transformers and synchronous machines, magnetomotive 
forces of polyphase windings, harmonics, armature reaction, saturation, 
cylindrical and salient pole analysis of synchronous machines, transient and 
subtransient reactance and other transformer and synchronous machine 
characteristics. The current required text is "Electric Machinery" by 
Fitzgerald, Kingsley and Kuske, although a previous text was "Principles 
of A.C. Machinery" by Lawrence and Richards. This course is a power 
option advanced EE elective. The total enrollment for calendar year 
1979 was 43. 
EE 376 Symmetrical Component Analysis of Power Systems 
EE 376 is a comprehensive course in symmetrical components and the 
analysis of unbalanced power systems. Representation of power systems 
are given by equivalent circuits, per unitization, one line diagrams, positive 
negative and zero sequence impedances of devices, and includes the study of 
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unsymmetrical faults. The required text is "Circuit Analysis of A.C. Power 
Systems," Vol. I by Clarke. This course is a power option advanced EE 
elective. The total enrollment for the calendar year 1979 was 40. 
EE 378 Power System Analysis-Steady State 
EE 378 is an introduction to power system analysis. Topics included 
are basic concepts of power and power circuits, the calculation of transmission 
line parameters, current and voltage relationships for short, medium and 
long transmission lines, representation of power systems by one-line diagrams, 
per unit quantities, network modeling for power flow studies, matrix methods 
and introduction to load flow, power control and economic operation of power 
systems. The current required text is "Elements of Power System Analysis," 
by Stevenson although consideration is being given to alternatives such as 
Gross. This course is a power option EE elective. The total enrollment 
for calendar year 1979 was 35. 
EE 272 Elements of Transient and Steady State Power System Stability 
EE 272 is a special course taught under the title of "Special topics 
in EE." It has a "200" number which reflects this special topic designation. 
The course is a comprehensive study of classical synchronous machine and 
power system stability. .The topics include, synchronous machine models, 
the swing equation, equal area criteria, power flow equations, fault analysis, 
clearing times, stability limits, governor action, automatic voltage 
regulation, multimachine stability, and other stability considerations. The 
required text is "Power System Stability" by Kimbark, Vol. I. The course is 
a special power option advanced EE elective. The total enrollment for 
calendar 1979 was 24. 
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EE 497PS Computer Methods in Power System Analysis 
EE 497PS is a new course offered for the first time in the Fall 1979 
semester. The number indicates that it is a special topics graduate course. 
Topics included are, representation of power systems by computers, network 
topology, load and generation modelling, bus admittance and impedance 
matrices, load flow methods including Newton Raphson, three phase load flow, 
linear and fast decoupled. In addition, topics in large scale system 
analysis are presented including sparse matrix techniques, LU decomposition, 
optimal ordering and diokoptics. Short circuit studies are also included 
for computer computation of fault currents and voltages. Numerical 
integration methods both implicit and explicit are introduced and applied 
to the classical transient stability problem. There is no required text 
although "Computer Methods in Power System Analysis" by Stagg and El-Abiad 
is supplemented by notes and journal articles. The course is a graduate 
elective. The total enrollment for calendar year 1979 was 13. 
Two additional graduate courses have been organized for offering 
in 1980. These are: 
EE 497RDS Dynamic Machine Modeling and Stability 
EE 497RDS is a comprehensive graduate course in dynamics and control 
of power systems. Topics included are, review of transient stability 
classical analysis, system response to disturbances, regulated and 
unregulated machines, detailed machine models using Park's transformation 
and state space equations, excitation systems, multimachine stability 
studies using linear and nonlinear models. There is no required text 
although "Power System Control and Stability" by Anderson and Fouad will 
be supplemented by notes and journal articles. This course is a graduate 
elective scheduled for offering in Spring 1980. 
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EE 497RAS Topics in Power System Operation 
EE 497RAS is a comprehensive graduate course in power system operation. 
Topics included are, review of load flow methods, power system preventive, 
emergency and restorative states, functions of control centers, economic 
dispatch, automatic generation control, state estimation; security 
assessment, and other topics in operation. There is no required text 
. 
although "Control of Generation and Power Flow on Interconnected Systems," 
by Cohn will be supplemented by notes and journal articles. This course 
is a graduate elective scheduled for offering in Fall 1980. 
There is not a required course in the department of electrical engineering 
on the fundamentals of power and energy systems. The Power and Energy Systems 
Area Committee is currently formulating a proposal to create a first semester 
junior level course to serve this purpose, and be an introduction for power 
option students. The proposed outline is given below. 
EE 2XX Introduction to Electric Power Engineering 
Text: Basic Electric Power Engineering, 0. I. Elgerd 
I. Introduction 
A) Energy needs and problems facing power ~ngineers 
II. Electric Energy Fundamentals 
A) Definitions 
1) energy arid power 
2) electric charge and magnetic flux 
3) conservation of energy and thermodynamics 
B) Electrostatics and electrostatic energy storage 
C) Magnetic flux and magnetic energy 
1) magnetic fields, Faraday's and Lenz's laws 
2) self and mutual inductances, electromagnetic force 
3) magnetic energy storage and ferromagnetism 
D) Complex power 
1) real and reactive power, phasor representation 
III. Synchronous Machines 
A) Single phase generator 
1) design 
2) traveling flux wave and induced emf 
ff Lectures 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
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B) Three phase generator 
1) windings, phase and line voltages 
2) balanced three phase loading 
C) Synchronous machines as part of the power grid 
1) torque and power formulas 
2) phasor diagram, equivalent circuit, and pullout 
IV. Transformers 
A) Ideal Transformers 
B) Physical transformers 
1) core losses and magnetizing current 
2) winding losses and nonlinearities 
3) design (cooling, auto, multiwinding) 
C) Three phase transformers 
1) Y-Y, Y-~, ~-~ 
2) per unit analysis 
3) one line diagram 
V. The Power System 
# Lectures 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
A) Components and their purpose 1 
B) Load 
1) load characteristics 1 
2) automatic load frequency control and optimum generation 1 
C) Transmission lines 
1) parameters 1 
2) control of real and reactive power and line voltage profile 1 
D) Load flow analysis 2 
VI. Induction Motor 
A) Three phase 
1) rotating stator flux wave analysis 
2) rotor currents and developing of torque 
3) equivalent circuit 
4) power and torque 
5) torque-speed characteristics and control 
B) Single phase induction motors 
VII. D.C. Machines 
A) Commutator action and developed torque 
B) Induced emf and armature reaction 
C) Types of D.C. machines and their characteristics 
1) separately and shunt excited 
2) series and compound excited 
D) University motors and D.C~ supply systems 
VIII. Energy Demand Growth and the Future 
Tests 
Total 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
45 
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In terms of graduates in the power area, the trend over the past thirty 
years is significant. The following enrollment and graduate figures are 
based on students which have taken at least three of the power option 
courses. 
a) 1950-1970 Annual Average Power Area Graduates 
B.S.E.E. 25 
M.S.E.E. 3 
Ph.D. (less than · lO since 1950) 
b) 1971-1978 Annual Average Power Area Graduates 
B.S.E.E. 41 
M.S.E.E. 6 
Ph.D. (one in 1977) 
c) Current year 1979-1980 expected Power Graduates 
B.S.E.E. 55 
M.S.E.E. 10 
Ph.D. 3 (enrolled) 
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6. GRANTS, CONTRACTS, AND FELLOWSHIPS 
The electric power and energy systems area received funding for 
graduate research in several areas during 1979. These other sources have 
provided additional support for the overall power program, and have aided in 
meeting the objectives of the Power Affiliates Program. 
NATIONAL SCIENCE FOUNDATION 
"Constrained Stochastic Power Flow Analysis," April 1, 1978 through 
August 1980, P. W. Sauer, Principal Investigator. $25,000. (see 
ref. [ 8]). 
ELECTRIC POWER RESEARCH INSTITUTE 
"Electrohydrodynamic Pumping in Electric Cable Pipes," April 1, 1978 
through December 31, 1980, J. M. Crowley, Principal Investigator. 
$238,670. 
UNIVERSITY OF ILLINOIS FELLOWSHIP 
A 1979 University of Illinois Fellowship was awarded to R. L. Holmgren 
for Graduate Study in Electrical Engineering. 
PUBLIC SERVICE INDIANA 
The 1979 Public Service Indiana Student Aid Grant was awarded to 
T. K. Buja for Undergraduate Study in Electrical Engineering. 
GRAINGER ENDOWMENT 
The Electrical Engineering Department was the recipient of an endowment 
to be used for the establishment of a distinguished professorship in 
the electric power area. A search is currently underway for a new 
distinguished faculty member in the general area of rotating machines. 
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FORD FOUNDATION 
The 1979 Ford Foundation Fellowship was awarded to P. T. Krein for 
Graduate Study in Electrical Engineering. Phil is a Teaching Assistant 
for Prof. Sauer in the machinery laboratory, and a Ph.D. student under 
the supervision of Prof. Crowley. 
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7. ACTIVITIES 
The following chronological listing of 1979 events and highlights is a 
brief outline of the direct and indirect influence ~f the Power Affiliates 
Program on the University of Illinois and Industrial Affiliates. 
January 
- Illinois Power and Sargent & Lundy establish 
initial support of Power Affiliates Program. 
- Spring semester begins with seven power courses offered 
and taught. 
February 
March 
- IEEE P.E.S. Winter Meeting attended by M. S. Helm. 
- EE 200 Seminars on power and energy systems area presented to 
sophomores by P. W. Sauer and R. D. Shultz. 
- Wisconsin Power and Light joins Power Affiliates Program. 
- Illinois-Purdue Systems Engineering for Power seminar exchange 
(El-Abiad to Illinois and Medanic to Purdue). 
- Power graduate listing mailed to recruiting companies. 
Sargent & Lundy faculty engineering conference attended by 
M. S. Helm, P. W. Sauer, R. D. Shultz, and G. W. Swenson Jr. 
- Electrical Engineering open house held with displays of power 
equipment and machinery laboratory demonstrations. 
- EE 335 machinery class projects -completed with trips to CE, 
CIPS, IP and S & L. 
- American Power Conference attended by the following EE faculty and 
students with sponsors: 
c. A. Beier (By C .E.) D. Braun (By I. P.) 
T. K. Buja (By W. P. &L.) P. R. Egbert (By C .E.) 
M. S. Helm (By U of I) D. F. Hang (By Harza) 
J. Regan (By S&L) P. w. Sauer (By CIPS) 
R. D. Shultz (By W. P. &L.) 
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April (Continued) 
June 
- Pittsburgh Modeling and Simulation Conference attended by P. W. Sauer. 
Paper presented on Linear Load Flow Failure Analysis. 
- Central Illinois Public Service Company joins Power Affiliates Program. 
- Iowa Illinois Gas & Electric Company joins Power Affiliates Program. 
P. W. Sauer toured Westinghouse Large Power Transformer Division in 
Muncie Indiana, and discussed graduate program. 
- E. C. Jordan, P. R. Egbert retire. 
-Power graduates numbered 36 B.S., 1 M.S. 
-D. F. Chang and P. W. Sauer visit CIPS to discuss research project. 
- U of I leads nation in engineering degrees granted. 
- IEEE P.E.S. summer meeting attended by M. S. Helm. 
August 
- Richard A. Smith joins faculty in Power Area. 
- R. M. Balazs completes M.S. requirements. 
- D. P. Harris completes relay project. 
- G . . w. Swenson Jr. assumes duties as Head of Department of Electrical 
Engineering. 
Fall semester begins with eight power courses offered and taught. 
September 
- Public Service Indiana Awards grant to T. K. Buja. 
- Public Service Indiana joins Power Affiliates Program. 
- R. L. Holmgren selected for U of I fellowship. 
- Central Illinois Light Company joins Power Affiliates Program. 
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October 
- Midwest Power Symposium attended by R. L. Holmgren, B. Hoveida, 
T. W. Kay, P. W. Sauer R. D. Shultz. Sauer and Shultz author 
papers. 
- Ford Foundation announces grant to P. T. Krein, selected from 
College of Engineering. 
- Grainger endowment announced. 
- EE 335 machinery laboratory class projects completed with trip to 
G.E. control plant in Bloomington, IL. 
- EE 200 seminars on power and energy systems are presented to 
sophomores by P. W. Sauer and R. D. Shultz. 
- Power graduates listing mailed to recruiting companies. 
November 
Eng 100 Seminar on power area of EE. Presented to freshman by 
P. W. Sauer. 
- Power Area Seminar by Dr. Kusic from University of Pittsburgh on 
Control of Power and Energy Systems. 
December 
- Lecture on Electric Power and Energy to Allen Hall Unit One 
by P. W. Sauer 
- Luong Q. Vu selected from all U of I students to receive the 
Lincoln Award, presented in Springfield by Covernor Thompson. 
-Power graduates numbered 9 B.S., 1 M.S. 
- I. M. Alunkal completes M.S. requirements. 
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8. LABORATORY FACILITIES 
Virtually all of the University of Illinois laboratories are available 
to students studying in the power and energy systems area of Electrical 
Engineering. The electric machinery laboratory is located on the ground 
floor of the electrical engineering building. It is primarily an 
instructional laboratory capable of accomodating classes of 12 with 
potential to expand to classes of 24. Although much of the · equipment is 
at least 20 years old, it is sufficient and plentiful for introductory 
undergraduate instruction in rotating machinery, transformers, harmonic 
waveforms, elementary system concepts, and other power fundamentals. 
The high voltage laboratory was dismantled some time ago, and converted 
into the current bioengineering laboratory. While there has been some 
interest recently in high voltage phenomenon by both undergraduate and 
graduate students, there are no current plans to revitalize the H.V. lab. 
The EE 335 students have in the past taken field trips to Kearney Corporation 
in Chicago to observe actual high voltage testing procedure and demonstrations. 
A fairly new real time control laboratory in electrical engineering has 
the potential for joint education and research with the machinery laboratory. 
Experiments and research projects in the automatic control of rotating 
machinery are being considered. 
Perhaps the most widely used laboratory for both education and 
research is the Digital Computer Laboratory of the University of Illinois. 
One Control Data Corporation CYBER 175 and one IBM 360 are available 
through a remote job site on the first floor of the Electrical Engineering 
building. The Electrical Engineering remote job site is controlled by a 
PDP 11 computer to support a card reader, high speed line printer and 
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23 remote interactive time sharing terminals. The use of the digital 
/ 
computer has been integrated into the courses EE 335, EE 378, EE 497PS, 
EE 497RDS and planned for EE 497RAS. The facilities are also used 
extensively by the members of the Power Affiliates Program Committee 
and their graduate students in research efforts. The facilities are very 
useful in the development of interactive programs. The DEC 10 computer 
located in the Coordinated Science Laboratory is also available for graduate 
research. The PLATO system which was initially created by the Computer 
Science Department is used extensively in many areas of the undergraduate 
curriculum. 
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9. DIRECTORY 
THE UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN COLLEGE OF ENGINEERING 
Assoc. Dean R. J. Martin, Director of Engineering Experiment Station 
College of Engineering 
106 Engineering Hall 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-2152 
Asst. Dean D. R. Opperman, Director of Placement 
College of Engineering 
109 Engineering Hall 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-3836 
Prof. M. E. Krasnow, Industrial Relations Coordinator 
College of Engineering 
204 Engineering Hall 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-3836 
THE UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN DEPARTMENT OF ELECTRICAL 
ENGINEERING 
Prof. G. W. Swenson, Jr., Head 
Department of Electrical Engineering 
155 Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-2301 
Prof. E. W. Ernst, Assoc. Head for Instruction 
Department of Electrical Engineering 
155 Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
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Prof. 0. L. Gaddy, Assoc. Head for Research 
Department of Electrical Engineering 
155 Electrical Engineering Building 
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Mr. H. B. Lawler, Business Manager 
Department of Electrical Engineering 
147 Electrical Engineering Building 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-2810 
Prof. M. S. Helm 
Department of Electrical Engineering 
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Urbana, Illinois 61801 
(217) 333-2452 
Prof. P. W. Sauer 
Department of Electrical Engineering 
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Urbana, Illinois 61801 
(217) 333-0394 
Prof. R. D. Shultz 
Department of Electrical Engineering 
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University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-3359 
Prof. R. A. Smith 
Department of Electrical Engineering 
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University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
(217) 333-7309 
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CENTRAL ILLINOIS LIGHT COMPANY 
University Liaison: 
Industrial Liaison: 
(Technical) 
Industrial Liaison: 
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